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Specimens of bath sponge Hippospongia communis (Demospongiae; Dictyoceratida; Spongiidae) marine demosponges with organic skeleton were collected from the Mediterranean Sea off the coast of Tunisia in May 2017 and cleaned according to standard procedures. The marine sponges were allowed to decay for 2 days by washing with marine water to remove living matter. The thoroughly washed sponge skeletons were dried in air and supplied directly by INTIB GmbH (Germany) (44) (fig. S1 ). The preparation of spongin scaffolds for the carbonization procedure involves several steps. Firstly, the spongin scaffolds were washed with running water and treated with 3 M HCl solution at 24 °C for 72 h (the solution was replenished every 24 h) to dissolve calcium carbonates. For specified samples of the scaffolds isolated from H. communis, additional desilicification was carried out, to remove naturally occurring aluminosilicates in the form of nanoparticles deeply inserted into the organic matrix. For this, the specified acid-treated samples were thoroughly rinsed with deionized water and placed into a plastic vessel containing an appropriate amount of 2% hydrofluoric acid (HF) solution. The vessel was covered to prevent evaporation of HF.
Desilicification was conducted at room temperature for 12 h. Finally, the isolated material was washed several times with deionized water up to pH 6.5. The purity of the scaffold treated in this way was confirmed using EDX analysis.
The carbonization of selected spongin scaffolds isolated from H. communis was carried out using a heating microscope (HM-MF-10-1600) located at the Institute of Iron and Steel Technology, TU Bergakademie Freiberg, Germany. The schematic construction of the heating microscope is represented in fig. S2 . It consists of a tube furnace, an electronic regulator, a gas supply regulator, a vacuum pump and a camera. The scaffolds were heated at 20 °C/min to 1200 °C for 1 h, and carbonization was performed under argon flow (150 s.c.c.m.; standard cubic centimeters per minute) at ambient pressure. The in situ photographs recording of the carbonization process was performed through quartz glass using a CCD camera with a special macrolens for consistent, high-contrast images over the entire temperature range ( fig. S2 ).
Note S2. Scanning electron microscopy (SEM).
The surface morphology of the sponge samples was analyzed using a scanning electron microscope (XL 30 ESEM, Philips) as well as ULTRA55 (Carl Zeiss, Germany). The elements were analyzed by the energy dispersive X-ray spectroscopy in the EDX analysis system from EDAX (Mahwah, USA).
Note S3. BET specific surface area measurements.
The specific surface area (SSA) of the scaffold and carbonized spongin was measured using the BET N 2 multipoint adsorption technique (Quantachrome Autosorb Automated Gas Sorption System) with 10-14 adsorption points after 30 h of degassing at 100 °C. The typical uncertainty of these measurements was 10%.
Note S4. XRD analysis.
XRD patterns were recorded in a Bragg-Brentano geometry on carbonized spongin samples treated with 10% and 40% HF. The powders were placed in a 5 mm deep cuvette and measured with a Bragg-Brentano URD6 diffractometer from Seifert-FPM (Freiberger Präzisionsmechanik) that is equipped with a sealed X-ray tube with Cu anode and a graphite monochromator in the diffracted beam. The wavelengths of the spectral lines Cu-Kα1 and CuKα2 were 0.15406 and 0.15444 nm. The powder patterns were recorded in the angular range 2θ = 3 … 150° at a step size of Δθ = 0.02° with 12 s dwell time for each angular step. Diffracted intensities were registered by scintillation detector. The low starting angle was chosen to identify possible fullerene or fullerene-like structures of carbon.
Note S5. Description of compressive strength measurements.
The compressive strength measurements of the carbonized spongin scaffolds were carried out according to the wellestablished method described in detail by Voigt et al.,(45) using a Tiratest 2420 instrument (TIRA GmbH, Schalkau, Germany). This device consists of two loading plates, a lead screw, a load frame, a load cell (with 1 kN) and data recorder. To evaluate the compressive strength of a carbonized spongin scaffold (with dimensions 10 mm x 10 mm x 10 mm) it was placed between the loading plates, and then the upper loading plate was moved downwards at the appropriate displacement rate (1 mm/min). The test ended when 50% of the maximum force was obtained. The loaddisplacement curves are shown in fig. S4 . Note S6. 13 C solid-state NMR measurements. 13 C solid state NMR measurements were carried out at 100.6 MHz on a 400 MHz Bruker AVIII HD WB spectrometer equipped with a CP/MAS probe using 7 mm ZrO 2 rotors in static mode. A solid echo sequence without decoupling using 20 us echo time was applied, and > 4000 scans were collected. The experiment recycle delay was 30 s. The probehead background was subtracted after measuring an empty rotor using the same parameter. The chemical shift was referenced externally using the CH 2 -group signal of adamantane (38.5 ppm with respect to TMS = 0 ppm).
Note S7. Raman spectroscopy of carbonized spongin.
Raman spectra were recorded using a Raman spectrometer (RamanRxn1™, Kaiser Optical Systems Inc., Ann Arbor, USA) coupled to a light microscope (DM2500 P, Leica Microsystems GmbH, Wetzlar, Germany). The excitation of Raman scattering was obtained with a diode laser emitting at a wavelength of 785 nm, propagated to the microscope with a 100 µm optical fiber and focused on the samples by means of a 100/0.75 microscope objective, leading to a focal spot of about 15 µm. The Raman signal was collected in reflection configuration and sent to the f/1.8 holographic imaging spectrograph using a 62.5 µm core optical fiber. The spectral resolution in the range 200-3250 cm -1 was 4 cm -1 . The laser power at the sample was set to 3 mW, in order to avoid any damage to the samples and limit the intensity of fluorescence. Raman spectra were recorded punctually, using an integration time of 1s and averaging 80 spectra to improve the signal-to-noise ratio (for carbonized spongin).
The spectra were processed and displayed using Matlab (Mathworks, Inc., Natick, USA). A multi-point baseline with linear interpolation was used to remove the background resulting from sample fluorescence.
For each sample, spectra were acquired in three different regions to verify sample homogeneity. As the spectra did not display variations within the sample, they were averaged to produce a spectrum with improved s/n ratio, which was then analyzed ( fig. S7a ). The spectra are characterized by the D and G bands of carbon, at approximately 1320 and 1580 cm -1 respectively. Moreover the samples treated at 400 °C and 600 °C exhibit photoluminescence. The intensity of photoluminescence correlates with the incorporation of hydrogen into the carbon lattice 5 and indicates lower hydrogen content with increasing temperature.
The spectra after baseline correction to remove the photoluminescence background are shown in Fig. 3 (main manuscript). The positions of the D, G and 2D bands, the ratio of the integral intensity of the D band to the G band, and the calculated nanocrystallite size L a were retrieved by a fitting procedure for the spectra in the range 950-1700 cm -1 , and are reported in table S2. The best fit was found by using a Lorentzian curve for the D band, a Gaussian curve for the G band, and a third band, also with Gaussian profile, at around 1500 cm -1 ( fig. S7b) . A similar fitting model has been used previously (46), and a clear interpretation of the results is possible. The D band shifts towards lower energy and the G band towards higher energy. Moreover, the width of both bands decreases. Following the model of Ferrari and Robertson (31), these changes indicate increased clustering and the presence of sp 2 chains. More precisely, the material evolves from amorphous carbon towards nanocrystalline graphite, and presents mixed sp 2 and sp 3 sites. The stage of complete crystallization was not achieved, as indicated by the low intensity of the 2D band.
The broad Gaussian band between 1500 and 1550 cm -1 was attributed to an amorphous graphitic phase. Its intensity decreases with increasing temperature.
Note S8. XPS measurements.
The XPS analyses were performed using an ESCALAB 250Xi (Thermo Fisher Scientific) spectrometer. The system was equipped with a monochromatic Al-Kα X-ray source (hν = 1486.68 eV), which was focused to a spot size of 500 μm. The base pressure of the analysis chamber was 6E-10 mbar. For the survey spectra we used a pass energy of 100 eV, and high-resolution single core-level spectra were obtained using a pass energy of 20 eV. A flood electron source was used for charge compensation.
The XPS spectra were measured with a photon energy of 1486.68 eV. As expected, the spectra are dominated by the C 1s (284.5 eV) and O 1s (531.0 eV) core-level excitations. Moreover, we can clearly identify the signature of nitrogen (N 1s at 534.0 eV), silicon, and calcium at the sample surface. In more detail, as shown in the inset of fig.   S8 (a), the C 1s core-level feature consists of a main peak located at 284.5 eV, which can be attributed to C-C bonds.
Further, we can identify a shoulder at higher binding energies (285.5-286.0 eV) as well as a weak feature around 288.4 eV; these can be attributed to C-O-C and O-C=O components respectively. On annealing of the sample up to 1200 °C the linewidth of the main feature decreases and the two weak features become less visible. This observation may be understood as a direct result of the loss of oxygen at the sample surface. This finding may be supported by comparing the elemental composition as a function of temperature by focusing on the two main core-level peaks, C 1s and O 1s, as in fig. S8(b) . Starting from about 70 at.% for carbon and 15 at.% for oxygen heated at 400 °C, the quantity of carbon increases up to nearly 90 at.% at 1200 °C, whereas the quantity of oxygen decreases by more than 5 at.%.
Note S9. NEXAFS measurements.
The electronic structure of the native and carbonized sponge scaffolds was characterized by means of near-edge Xray absorption fine structure (NEXAFS) spectroscopy at Elektronenspeicherring für Synchrotronstrahlung using radiation from the Russian-German dipole beamline. All NEXAFS spectra were acquired in total electron yield (TEY) mode. To allow normalization of the incident radiation intensity, the flux curve of the beamline was recorded using an Au mesh placed in front of the experimental end-station. The partial electron yield spectra were obtained by subtracting the contribution of the upper electron shells from the absorption cross-section. The energy calibrations of investigated NEXAFS C1s spectra were performed using the well-resolved π*-resonance at 285.38 eV on the C1s spectrum of HOPG. The photon energy resolution was below 0.05 eV. The samples for absorption measurements were prepared ex situ in air by pressing of powders of the native and carbonized sponge scaffolds into the surface of a clean indium plate.
To study changes in the carbonized sponge scaffold on heating, we investigated samples of native sponging scaffolds and spongin carbonized under different temperatures using near-edge X-ray absorption fine structure (NEXAFS) spectroscopy, performed in total electron yield (TEY) mode. NEXAFS spectra provide information about the atomicmolecular composition and chemical bonds in the investigated samples. For the interpretation of the native spongin NEXAFS C1s edge we refer to the comprehensive experimental and theoretical work published previously (47-51).
NEXAFS Ca2p spectra of native and carbonized sponge heated at different temperatures ( Fig. 2b ) are well correlated with XPS data. In the first hitting step the quantity of Ca atoms increases due to the removal of organic compounds from the sponge surface. With a further increase in temperature the Ca concentration decreases due to the removal of Ca compounds. Considering the evolution of oxygen and carbon atomic composition during heating up to 1200 °C according to the XPS measurements, we can assume the calcium content to be no more than 1%.
Note S10. Raman spectroscopy of electroplated carbonized spongin. Raman spectra were acquired at several points on the copper layer. Raman spectra were recorded punctually, using an an integration time of 500 ms and averaging 150 spectra to improve the signal-to-noise ratio (for electroplated carbonized spongin). All spectra were similar; a representative spectrum is shown in fig. S10 . Two Raman bands were detected at 528 and 622 cm -1 , indicating that the copper layers contain a fraction of copper(I) oxide (Cu 2 O) (35, 52) . Both bands correspond to the T 2g mode, due to the breakdown of selection rules ascribed to defects, nonstoichiometry and resonant excitation (53). The metallic fraction of copper layers does not contribute to the Raman spectrum, as copper does not produce any distinct Raman band.
Note S11. XPS of electroplated carbonized spongin. In fig. S11 we show a comparison of the wide energy survey spectra taken for the carbonized sponge annealed at 1200 °C and the copper-metallized carbon scaffold. As described previously, the survey spectrum of the pristine carbonized sponge is dominated by the C 1s and O 1s core-level signals. The metallization with copper can be directly monitored by the presence of several core-level features which originate from copper (cf. fig. S11 , red curve).
More specifically, we can clearly identify the Cu 3p (76.0 eV), Cu 3s (123.0 eV), Cu 2p (between 930 and 955 eV), and Cu 2s (1098.0 eV) core-level signals. Besides the described features related to excited photoelectrons, we may identify additional peaks formed by Auger electrons. In the case of the metallized sample we observe the Cu LMM Auger peaks located between 900 and 930 eV kinetic energy. To gain more information about the metal phase we performed high-resolution measurements of the Cu 2p features (as shown in fig. S11b ). We observe a clear split of the spin-orbit components with maxima at 952.2 eV (Cu 2p 1/2 ) and 932.4 eV (Cu 2p 3/2 ). Moreover, a weak satellite feature between 943 and 947 eV can be seen in the spectra. Comparing these results with published Cu 2p spectra it is evident that Cu 2 O is present on the surface of our sample (54,55). Furthermore, by looking at the Cu LMM Auger peaks (cf. fig. S11c ) in more detail, we identify a maximum at 916.6 eV kinetic energy with a small shoulder at high energy level and a weak feature around 912.5 eV kinetic energy. This is in excellent agreement with the characteristic lineshape and peak position for Cu 2 O (56).
Note S12. For Fig. 5 . Transmission electron microscopy:
The samples of Cu-carbonized spongin for investigation by transmission electron microscopy were prepared by the focused ion beam (FIB) technique using a Helios NanoLab 600i (FEI).
The microstructure of prepared samples was examined with a JEM-2200FS TEM operating at 200kV and equipped with a Cs-corrected illumination system, ultra-high resolution objective lens (Cs = 0.5 mm), in-column Omega-filter and energy dispersive X-ray (EDX) analyzer (JED 2300, Jeol). The selected area electron diffraction (SAED) pattern, high-resolution (HR) TEM micrographs and electron energy loss (EEL) spectra were recorded by a high-sensitive 2K
x 2K CCD camera (Gatan Inc.).
The overview images and EDX and EEL spectra were recorded in scanning transmission electron microscope (STEM) mode. The corresponding spectra were obtained from line scans across the interface between the metallized layer and carbonized spongin. The drift of the sample was considered by calculating the cross correlation of images taken with a high-angle annular dark field (HAADF) detector.
The EEL spectra were recorded with a convergence semi-angle of 22 mrad and a collection semi-angle of 5.5 mrad.
The resulting energy resolution achieved from the full width of half maximum (FWHM) of the zero loss peak (ZLP) was 1.1 eV. Altogether three line scans were taken from the same sample region: EEL spectra at 532 eV energy loss for the O-K edge and at 931 eV energy loss for the Cu-L 23 edge. The background was fitted with a power law function and the energy loss near-edge structure (ELNES) signal was extracted. To remove the multiple scattering effects from the recorded EEL spectra, the deconvolution procedure by the Fourier ratio method was used. Therefore, an additional line scan recording the energy loss in the range of the ZLP and the low loss region was made in the respective regions of the sample.
The experimentally measured ELNES signals were compared with those simulated using the Program JFEFF 9.6.
The determination of the orientations of particular crystallites and their local phase analysis were performed by indexing the SAED patterns and/or the fast Fourier transform (FFT) of HRTEM images. On both sides of the metallized crack there are observed reaction zones which formed during the deposition. On the left, the reaction zone is expanded due to direct contact between the free surface of the carbonized microfiber and the electrolyte, which enabled bilateral diffusion. Within these zones nanocrystallites are visible. The SAED patterns of these areas show an amorphous background, which probably originates from the carbonized microfiber, and weak diffraction rings of pure copper (Fig. 5d ). Copper is present as nanoparticles, which were additionally investigated by HRTEM/FFT.
A combination of STEM with EDX and EELS was used for the estimation of the element and phase distribution in the interface of the Cu-carbonized microfiber (Fig. 5h ).
The results of EDX studies (Fig. 5i) show that in the reaction layer, the atomic concentrations of oxygen and copper are relatively similar. This can be explained in two possible ways: (I) the signals come from two sources-from the oxidized graphite (during electroplating) and from the pure copper; or (II) they come only from oxidized Cu 2+ . The influence of both parameters-the simultaneous oxidation of graphite and copper-is also possible. In the metallized region, the concentrations of O and Cu increase. This concerns especially the Cu-Kα region and indicates the formation of Cu 2 O. The content of oxygen, as a light element, is probably underestimated.
The analysis of the O-K edge shows that in the region of the reaction layer ( Fig. 5j , blue line) the ELNES is similar to the results observed in CuO (57, 58) . The difference compared with the literature (57, 58) is that the peaks are broadened and their position shifted due to the amorphous state of the CuO in the reaction layer. In the metallized region of the sample, the ELNES of the O-K edge (Fig. 5j, red line) is changed and is very similar to that observed in Cu 2 O nanocubes (59). The simulation of the ELNES of Cu 2 O (Fig. 5j, green line) using the program JFEFF also shows very good agreement with the experiment.
The Cu-L 2,3 edge contains two so-called "white-lines", which are typical for 5d transition metals: L 3 and L 2 edges are a result of the transition from occupied 2p 3/2 and 2p 1/2 core shells, respectively, to the vacant 3d states. The intensity ratio between these white lines can be used to deduce the oxidation state of the copper. The comparison of the experimental results ( Fig. 5k ) obtained in the reaction layer (blue line) and metallized area (red line) with the literature (57, 58, 60) shows that in the reaction layer the CuO phase should be present, while in the metallized layer Cu 2 O occurs. The latter is also confirmed by the presence of the weak shoulder L s between the L 3 and L 2 peaks. This shoulder is observed in many transition metals (see for instance Leapman et al. (61) ) and is attributed to the transition into the Cu 4s states above the Fermi level. Because this peak is very weak for Cu and CuO (68), it can be used as a fingerprint for Cu 2 O (62). The Cu-L 2,3 edge (green line) measured for a 20 nm Cu nanoparticle in the reaction layer shows typical features for metallic Cu in ELNES (61).
Note S13. Catalytic activity of CuCSBC.
For quantitative comparison of the catalytic performance of CuCSBC, the activity parameter (K) was calculated using equation (1) =
( 1) where k denotes the rate constant (s -1 ) and M cat is the amount of catalyst used in the reaction (g). The reaction rate constant per mass of catalyst was calculated to be 6.52 and 8 s -1 ·g -1 for reactions in simulated sea water and deionized water respectively. However, it should be noted that in this study the turnover number (TON) and turnover frequencies (TOF) were not calculated because of the high rate of conversion; thus it was impossible to determine experimentally the concentration of reagents with 10% reduction efficiency. In addition, the catalytic activity of CuCSBC was compared with other non-noble metal catalysts. The results of the comparison are summarized in table   S3 .
As table S3 shows, there are significant differences between the rate constants of 4-NP reduction using different catalysts. In the presented comparison, a better catalyst of the reduction of 4-NP from water solution can easily be found (63,64). However, the presence of palladium in the structure of a Cu-Pd catalyst supported on high-surface graphite (64) excludes its use on a large scale, due to the high price of palladium. The Cu@Cu 2 O/MgAlO-rGO (63) system has excellent catalytic affinity for the reduction of 4-NP, but this material is also expensive considering its multiphase structure, where one of the components is reduced graphene oxide. On the other hand, to date no study has examined the possibility of using the catalyst described above in a marine environment or simulated sea water conditions. Therefore, this research makes a major contribution in relation to the use of CuCSBC as a catalyst of 4-NP reduction from simulated sea water at a temperature of 5 °C. The results demonstrate catalytic properties comparable to those of another Cu-based catalyst used in model solutions (Fig. 6a) . Therefore, we suggest that this high catalytic activity for 4-NP reduction (independently of the reaction conditions) may be related to the presence of a well-defined crystalline structure of Cu nanoparticles on the fiber of the carbonized spongin, but may also be ascribed to the three-dimensional, hexagonal structure of carbonized spongin. The presence of a 3D architecture improves the diffusion of substrates to the crystals of Cu and Cu 2 O tightly covering the surface of the carbonized spongin fibers. The supports described above, without three-dimensional structure, may inhibit the diffusion of reagents to the metal nanoparticles, resulting in poor accessibility of the catalysts to the substrates.
The reusability and stability of catalysts are important factors for their practical use. In order to evaluate the reusability of CuCSBC, the same catalyst was used repeatedly 25 times in simulated sea water and in deionized water. The changes in the conversion and activity of CuCSBC during the catalytic cycles are represented in fig. S13 c,d. The activity was evaluated based on the change in the rate constant at each use.
The data presented in fig. S13 c,d show that independently of the reaction conditions the catalytic activity of CuCSBC changes over the catalytic cycles, but its value does not fall below 70%. It should also be noted that the slight decrease in the catalyst's activity does not influence the reaction time or yield of reduction; the time of reaction remains almost unchanged at 2-3 min, and the reduction efficiency is always 100%. The slight decline may be related to the partial oxidation of the catalyst surface, and also to blocking of active sites of the catalyst by various anions present in the simulated sea water. It should be pointed out that most researchers investigating the stability of different catalysts have used them 6 (39), 7 (65) or 20 (66) times to evaluate the possibility of their reuse.
Note S14. Calculation of thermodynamic parameters.
The reduction of 4-NP to 4-AP was carried out at different temperatures-at 5, 10 and 15 °C for the reaction in simulated sea water and at 15, 20 and 25 °C for the reaction in deionized water-to calculate the activation energy E a and other thermodynamic parameters (change in enthalpy ΔH and entropy ΔS). The calculations were made from plots of ln(k) against 1/T (fig. S14a, c) and ln(k/T) against 1/T (fig. S14b,d) using the Arrhenius (4) 
where k is the rate constant, E a is the activation energy, T is the absolute temperature (K), k B is the Boltzmann constant (1.381×10 -23 J·K −1 ), h is the Planck constant (6.626×10 -34 J·s), R is the gas constant (8.314 J·K −1 ·mol −1 ), ΔH is the activation enthalpy and ΔS is the activation entropy.
The data in fig. S11a , c demonstrate the linear correlation of the logarithm of the rate constant with the reciprocal of temperature, independently of the reaction conditions. It is therefore possible to evaluate the thermodynamic parameters. The thermodynamic parameters calculated from fig. S14 are summarized in table S4.
The calculated thermodynamic parameters are lower than those reported in the literature. However, it should be noted that other researchers have used various catalysts in non-marine conditions. Sahiner et al. (67), used nickel nanoparticles inside poly(2-acrylamido-2-methyl-1-propansulfonic acid) (p(AMPS)) hydrogel as a catalyst of the reduction of 4-NP, and obtained an activation energy of 25.70 kJ/mol. Nemanashi and Meijboom (68), catalyzed 4-NP reduction with Cu-dendrimer-encapsulated nanoparticles, finding the activation energy of the reaction to be 65.5 kJ/mol. Therefore, the results described above demonstrate the high affinity of CuCSBC for the reduction of 4-NP.
Note S15. Resistance to poisoning.
To determine the effect of contamination of the reaction mixture on the catalytic activity of CuCSBC, the reduction reaction was carried out in the presence of sodium sulfide (Na 2 S) in different concentrations: 10, 50 and 100 mM. To begin the process, 20 μL of Na 2 S solution at specified concentration was added to the typical reaction mixture, then the appropriate amount of catalyst was introduced to start the reaction. The reaction was monitored using a UV-Vis spectrophotometer as described in the Methods section.
The resistance of catalysts to poisoning during the reaction is of crucial significance for the development of new materials for catalytic applications. However, far too little attention has been paid to verifying this important property for reported catalysts. Therefore, this study makes a major contribution to research on catalytic activity in the presence of substances which cause catalyst poisoning. To achieve this goal, the reduction of 4-NP was carried out in the presence of sodium sulfide at different concentrations. The influence of sodium sulfide concentration on catalytic activity and time of reduction is shown in fig. S13e .
From the data in fig. S13e , it is apparent that with increasing concentration of sodium sulfide the activity of the catalyst decreases, but it should be noted that only for the highest concentration of Na 2 S is the time of reduction significantly increased. This result may be explained by the fact that with increasing concentration of Na 2 S, competition for the active sites of the catalyst also increases. This explains the slight decrease in the catalyst's activity in the case of Na 2 S concentrations of 10 and 50 mmol/L, but it is notable that in these cases the presence of contaminating anions has no effect on the reaction time. For the highest tested concentration of Na 2 S a significant decline in catalytic activity was observed. This effect may be related to the filling of active sites of CuCSBC by S 2anions. However, after 12 minutes the reduction of 4-NP completed with a 100% yield, which suggests that the S 2anions do not block all of the active sites of the catalyst.
Note S16. Influence of the chemical composition of the catalyst on its catalytic properties.
CuCSBC has a three-dimensional structure with pentagonal crystals of Cu and Cu 2 O. An important part of the research was to evaluate how the composition of the catalyst affects the catalytic activity. For this purpose, spongin carbonized at 1200 °C was used to catalyze the reduction of 4-NP to 4-AP in simulated sea water and deionized water. The spectra obtained appear in fig. S15a,b .
The data in fig. S15a,b show that the carbonized spongin exhibits catalytic activity in the reduction of 4-NP in both simulated sea water and deionized water, which may be related to the presence of heteroatoms (nitrogen and sulfur) acting as catalytic active sites. However, it should be noted that in both cases the time of reaction is longer than with CuCSBC, especially in the case of reaction in simulated sea water. This may be due to the blocking of active sites of the carbon catalyst by various anions present in the simulated sea water. This finding provides evidence that the presence of nanocrystals of Cu and Cu 2 O significantly improves the catalytic performance of carbonized spongin. The metallized scaffold has been mechanically broken to show that the fine surface is still well preserved also after metallization (a, b). For comparison see also Fig.1h ,i and Fig.5a ,b in the main text. Note that for 4-NP in simulated sea solution the characteristic peak at 317 nm is not observed. 
